Guest Editorial Special Issue on Micropropulsion and Cubesats

T
HIS Special Issue is a broad forum presenting a series of topical reviews and original papers, addressing the hottest trends and recent progress in plasma propulsion physics, design, material solutions, and other aspects, as well as several review papers outlining progress in the selected regions and countries. Most were presented at the International Workshop on Micropropulsion and CubeSats (MPCS-2017), which took place at the CNR-Nanotec-P.Las.M.I. Lab, Bari, Italy. The third Conference will be held at the Micropropulsion and Nanotechnology Laboratory, George Washington University, Washington, DC, USA, followed by the fourth MPCS-IV in Beijing.
Among the most complex and expensive systems ever created by men, for decades, the development, construction, and deployment of spacecraft for satellite communication and space exploration remained a privilege of a select few [items 1) and 2) in the Appendix]. Recent drastic miniaturization of electronics and introduction of nanomaterials into space technology have revolutionized not only how and by whom spacecraft is made, but also tremendously expanded their use [item 3) in the Appendix]. Networked satellite constellations collect and retranslate massive data sets about entire mankind habitat, and provide satellite-based Internet access, first truly global effort in human connectivity. These advances have evoked à true renaissance in satellite technology, which is now on the brink of a revolution, and promises to be a game changer in intelligent, sustainable and effective use of limited planet resources to the benefit of entire mankind [items 4) and 5) in the Appendix]. Upcoming Iridium NEXT and OneWeb constellations, each comprising 66 and 648 communication satellites, respectively, highlight the scope of and presently unmet demand for novel satellite technologies based on miniaturized, adaptive spacecraft [items 6) and 7) in the Appendix]. Looking forward, the success of increasingly complex mega-constellations lies firmly on highly efficient positioning and propulsion systems [items 8) and 9) in the Appendix]. Chemical rocket engines, solar sails, photon rockets, and electric propulsion thrusters are currently all subjects of intense investigation, yet the question remains as to which of these propulsors would offer the required degree of operation efficiency and longevity in extreme space environment to fully realize the ambitious goal of large-scale and longdistance interplanetary space exploration. As this colloquium demonstrates, electric propulsion technology, being more than an order of magnitude more efficient than traditional chemical propulsion, is the primary candidate for future global satellite constellation systems due to a favorable combination of precise Digital Object Identifier 10.1109/TPS.2017.2781286 positioning and orbit keeping, and atmosphere compensation for extra-long service life of up to tens of years. This work discusses the physical principles, current state of the art, unique features, advantages, and challenges of key types of electric propulsion systems, and critically compares them with other types of space propulsion devices.
Experiments, modeling, and simulations have contributed significantly to the understanding of the physics behind the plasma propulsion. Many new plasma propulsion devices have been developed recently, including numerous successful attempts to miniaturize plasma propulsion technology. In recent years both theoretical and experimental methods for studying plasma generation, acceleration, electron and ion transport, plasma-wall interactions have advanced. Significant progress has been achieved in plasma diagnostics including electrostatic and electromagnetic probes and sensors, and spectroscopic methods, and in plasma simulation techniques.
Nevertheless, major progress is required to boost the microsatellites and launch them to the orbit of the commercial life. This Special Issue presents original and "vision" papers outlining the current state of the art in micropropulsion.
The International Workshop on Micropropulsion and CubeSats (MPCS-2017) was thought as a twice-a-year series of exclusive invited-only meetings of the leading world experts actively working in this field [item 10) in the Appendix]. The main organizers are the Plasma Sources and Application Center (PSAC)/Space Propulsion Center, NIE, Singapore; CNR-Nanotec-P.Las.M.I. Lab, Bari, Italy; George Washington University, Washington, DC, USA; and Australian National University, Canberra, ACT, Australia.
The first meeting was held on June 26, 2017 and June 27, 2017 at the CNR-Nanotec-P.Las.M.I. Lab, Bari, Italy It was a venue of the first presentations on world leading developments in investigations in plasma propulsion and other micropropulsion and electric propulsion applications [item 11) in the Appendix]. The MPCS conferences are planned as the premier international forum for developers, researchers, managers, scholars, and students in the field of plasma-based micropropulsion system for space exploration. The Second International Conference on Micropropulsion and CubeSats (MPCS-2018) will be held at the PSAC/Space propulsion Centre, Singapore [item 12) in the Appendix]; and the Third Conference is planned at the Micropropulsion and Nanotechnology Laboratory, George Washington University, Washington, DC, USA.
The contributions to this Special Issue present topical reviews and research papers addressing the major aspects of various plasma propulsion devices including, but not restricted to, the following:
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1) Hall thrusters; 2) ion thrusters; 3) hollow cathodes; 4) pulsed plasma thruster; 5) pulsed inductive thruster; 6) small magnetoplasma dynamic thruster; 7) advanced plasma propulsion concepts; 8) other relevant fields. Below we will examine in some characteristic papers, to present a wide and diversified picture of the Special Issue to the potential readers.
For this Special Issue, about 20 papers authored by experienced researchers all over the world (from USA, Europe, China, Singapore, Japan, and Australia) were selected after a rigorous review process. These papers focus on designing and exploring new technologies and approaches to address several pressing problems and challenges of practical and theoretical issues in plasma-based electric propulsion techniques.
The paper "Characteristics and Performances of a 100W Hall Thruster for Microspacecraft" by S. Mazouffre and L. Grimaud, France, explored low-power Hall thrusters which are the focus of special attention since they could potentially be suitable for ultrasmall satellites and Cubesats. In this contribution, the authors examine highly efficient small thrusters and compare it with similar devices. In particular, the impact of the thruster design on discharge behavior, ion beam properties, and performances was examined for two discharge channel geometries and two values of the magnetic field strength. Advantages, disadvantages, and possible challenges of Hall thrusters with permanent magnet system were examined in the Focused Review "Hall Thrusters with Permanent Magnets: Current Solutions and Perspectives" by L. Lorello, I. Levchenko, K. Bazaka, M. Keidar, L. Xu, S. Huang, M. Lim, and S. Xu (Italy, Australia, USA, and Singapore). Coaxial, cylindrical, and cusped designs of Hall-type thrusters were examined, and some issues related to the influence of magnetic configurations on channel wear were addressed. This Review outlines a state of the art in the high-temperature permanent magnets and offers some perspective views onto the further development of miniaturized Hall-type thrusters.
Efficient CubeSat-class micropropulsion system called the inline-screw-feeding vacuum-arc thruster was developed at the Aerospace Plasma Laboratory, Technion, and described in the paper " Shuyan Xu is a Professor of plasma physics with a combination of experimental, analytical, and computational knowledge and experiences. He has conceived and founded a Plasma Sources and Applications Centre, Nanyang Technological University, Singapore, comprising of several research units: Plasma Processing Laboratory, Advanced Materials and Nanostructures Laboratory, Photovoltaic Research Laboratory, and Space Propulsion Centre, Singapore. He has authored or co-authored about 230 journal publications, two books and several book chapters, about 70 keynote addresses and invited talks, and holds ten international patents. His current research interests include physics and applications of high-density plasmas, rotating magnetic field current drive in fusion plasma, space electric propulsion, the development of plasma facilities and diagnostics, and the applications of nonequilibrium plasma for silicon photovoltaics as well as plasma-aided nanofabrication and processing.
Prof. Xu is a fellow of IAS.
Francesco Taccogna Institute for Nanotechnology, National Research Council, Bari. His current research interests include dynamics and kinetics of nonequilibrium rarefied gases and plasmas, ion sources (gas discharges, electric thrusters, negative ion sources, and atmospheric pressure microdischarges) and particle-based numerical models of gases and plasmas (particle in cell and direct simulation Monte Carlo).
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